Detailed descriptions of individual vegetation types shown on vegetation maps can improve the ways in which the composition and spatial structure within the types are understood. The authors therefore examined dwarf shrub heath, a vegetation type covering large areas and found in many parts of the Norwegian mountains. They used data from point samples obtained in a wall-to-wall area frame survey. The point sampling method provided data that gave a good understanding of the composition and structure of the vegetation type, but also revealed a difference between variation within the vegetation type itself (intra-class variation) and variation resulting from the inclusion of other types of vegetation inside the map polygons (landscape variation). Intra-class variation reflected differences in the botanical composition of the vegetation type itself, whereas landscape variation represented differences in the land-cover composition of the broader landscape in which the vegetation type was found. Both types of variation were related to environmental gradients. The authors conclude that integrated point sampling method is an efficient way to achieve increased understanding of the content of a vegetation map and can be implemented as a supporting activity during a survey.
Introduction
A vegetation map is a simplified representation of the physical surface of the earth with respect to plant cover. Vegetation mapping is a descriptive process whereby the land surface is divided into partitions and each part is classified according to the composition and structure of the vegetation. Additionally, vegetation mapping is used as a tool in conservation planning (Ferrier 2002) , natural resource management (Thackway et al. 2007 ), documentation and monitoring of changes in nature Ihse 2007; Ståhl et al. 2011) , ecological modelling (Bryn et al. 2013) , and as a general data source for many research programmes (Peet & Roberts 2012) .
The interpretation strategy used to create a vegetation map consists of two steps. The first step is the partition of the land surface into observation units. This can be done as a detailed point sample survey such as the BraunBlanquet approach (Westhoff & Van Der Maarel 1978) , by field-based wall-to-wall mapping (KeelerWolf 2007) , or by remote sensing (Yu et al. 2006) . The second step is the characterization of the vegetation found at each location. This is usually done using a predefined classification system with a fixed set of classes; in this article, the classes are called 'vegetation types'.
The description of the vegetation types in the classification system can be based on physiognomic, floristic, geographical or ecological indicators, or on a combination of two or more of these indicators (Box 1981; Küchler & Zonneveld 1988; Kent 2012) . The simplest concept of vegetation type is based on physiognomy alone. This implies that the classes are defined in terms of the general physical structure and appearance of the vegetation (Whittaker & Beard 1978; Werger & Sprangers 1982; Mucina 1997) .
Classification systems designed for wall-to-wall mapping and less labour-intensive point observations are usually based on the concept of plant communities, wherein vegetation patterns in a landscape are defined by the presence, composition and dominance of particular species (Kent & Coker 1992) . The approach requires that plant communities can be identified and separated by indicator species or groups of species that appear to be ecologically similar (Box & Fujiwara 2005) . This explains a shortcoming of remote sensing as a tool for more detailed land cover inventories. Remote sensors do not identify indicator species directly, but instead rely on the interpretation of spectral reflectance in order to identify vegetation and land cover types, which are sometimes linked to dominant species, such as tree species in forests (Ørka et al. 2013) .
Natural phenomena, such as vegetation composition, generally have fuzzy boundaries and they can be conceptualized as more or less continuous (Couclelis 1992) . The outline of a vegetation type is represented on a map by a subjectively defined boundary based on expert judgment (Painho 1995) . Furthermore, mapping always involves generalization. Generalization is a geometric interpretation and simplification of reality (Weibel & Dutton 1999) , and the spatial resolution (i.e. the degree of detail) (Goodchild 2011) is a constraint that determines the conceptual simplification processes involved in the classification of the locations on a vegetation map. The result is a simplified representation of the real world, determined by the definition of the different vegetation classes and the cartographic scale of the map. Hence, vegetation mapping, whether field-based or done by remote sensing, will always result in broad classes encompassing many species and exhibiting some kind of intra-class variation between locations.
Using a finer geometric resolution in vegetation mapping may allow for a change of classification system, such that the improved spatial details are reflected by more detailed vegetation types. This would result in an increased number of vegetation types and the types would become more homogeneous (Stohlgren et al. 1997) . Thus, the use of more detailed data in an examination of the composition and content of vegetation types can enable a fuller understanding of a vegetation map and its classification system.
In Norway, dwarf shrub heath is a common vegetation type, with considerable variation in composition and structure (Rekdal & Larsson 2005) . The vegetation type has limited economic value and has received very little attention in environmental studies due to its common occurrence and lack of conspicuous qualities. However, it constitutes a large part of the Norwegian landscape. A better understanding of dwarf shrub heath is therefore a prerequisite for sustainable management and resource use in the mountains of Norway.
The purpose of this article is to examine the variation within the areas classified as dwarf shrub heath by using more detailed information about the vegetation in combination with environmental gradients. Data from the area frame survey of land cover and outfield land resources in Norway -the 'Norwegian land cover and land resources of the outfields' (Areal regnskap for utmark, abbreviated to AR18X18) (Strand 2013 ) -were used as a 'test bed'. The survey combines a wall-to-wall mapping of vegetation types with point sampling of detailed vegetation subtypes in the same area. Our hypothesis is that the broad vegetation type dwarf shrub heath used in vegetation mapping can be broken down into a number of subtypes. We expect that these subtypes are related to environmental gradients. We also assume that the subtypes can be observed and measured using integrated point sampling during our survey, thus providing a cost-effective way to improve vegetation maps with more detailed statistical information about the composition and structure of the vegetation classes.
Materials and methods

Study area
The study area is the entire Norwegian mainland and the islands along the coastline. The area covers c.324 000 km 2 , between 5-30°E and 58-72°N. The vegetation on the Norwegian mainland is diverse, and variation on a regional scale is influenced by two main environmental gradients: a south-north gradient ranging over almost 15°in latitude, and an oceanic-continental gradient. Local variation is determined by geology, soil, topography, hydrology and other environmental conditions (Moen 1998) .
Dwarf shrub heath
In our study, we used the definition of the vegetation type dwarf shrub heath given by Rekdal & Larsson in their guide to vegetation mapping (Rekdal & Larsson (2005) . Dwarf shrub heath is typically associated with oligotrophic and intermediate nutritious ground and with moderate water supply. The vegetation type is generally poor in terms of biodiversity (Rekdal & Larsson 2005) . The main vegetation structure is a field stratum dominated by dwarf birch (Betula nana), bilberry (Vaccinium myrtillus), crowberry (Empetrum nigrum) and wavy hairgrass (Avenella flexuosa), and a ground stratum dominated by Hylocomium splendens (Rekdal & Larsson 2005) . Common species in dwarf shrub heath are listed in Appendix 1, although other species can occur sporadically.
Vegetation mapping systems
AR18X18 uses a systematic sampling method, which has shown to be efficient in situations where autocorrelation is present (Aune-Lundberg & Strand 2014; McGarvey et al. 2015) . Primary Statistical Units (PSUs) covering 0.9 km 2 (1500 × 600 m) are located at the intersections of an 18 × 18 km grid mesh covering the entire Norwegian mainland, giving a total of 1081 PSUs in the survey. A wall-to-wall vegetation map of each PSU was compiled according to the system for vegetation and land cover mapping at intermediate scale (1: 20,000-1:50,000) (abbreviated VK50) (Rekdal & Larsson 2005) . The VK50 nomenclature consists of 45 vegetation types and 9 other land cover types, and operates with a minimum mapping unit (MMU) of 1000 m 2 for rare or especially important vegetation types and 5000 m 2 for common types (Strand 2013) . The description of the vegetation classes is mainly based on physiognomy, as it appears from dominant species or species groups, and secondly by characteristic species. Only polygons classified as dwarf shrub heath were extracted from the data and used in our study. The material thus consisted of data from 272 PSUs where the vegetation type has been found.
A more detailed description of the vegetation was obtained from 10 additional Secondary Statistical Unit (SSU) points located inside the PSU. Land cover at the SSU points was recorded using the detailed description system for vegetation in Norway published by Fremstad (1997 A subset of 33 of the 137 classes describing the SSU points was located inside dwarf shrub heath polygons. In the subset, 4 classes occurred frequently and the remaining 29 occurred too infrequently to allow proper statistical interpretation, and were therefore grouped into 5 broader classes. The resulting set of nine detailed 'vegetation subtypes', which are based on and to some extent generalized from Fremstad (1997) , are listed in Table 1 . Three of the subtypes (R2, S2 and S3) are subtypes of dwarf shrub heath in a botanical sense. The remaining six subtypes represent other types of vegetation found inside the dwarf shrub heath polygons.
Environmental data
The south-north and oceanic-continental gradients are important factors that influence the vegetation composition through, for example, variation in temperature and precipitation (Nilsen & Moen 2009; De Frenne et al. 2013 ). A continuous model for regional environmental variation in Norway has been developed by Bakkestuen et al. (2008) . The model has a resolution of 1 × 1 km, and is based on a principal components analysis (PCA) using 54 different climatic, topographic, hydrological and geological variables. These model data were used as input data for the south-north and oceanic-continental gradients.
Axis 1 from the PCA analysis can be interpreted as primarily the oceanic-continental gradient. In our analysis, the variable was called 'Sections' and encoded on a continuous scale ranging from approximately −0.5 (oceanic) Table 1 . Description, number and percentage of Secondary Statistical Unit (SSU) points in dwarf shrub heath polygons; the subtypes are based on, or generalized from the detailed description system for vegetation in Norway (Fremstad 1997) ; subtypes defined as dwarf shrub heath in Rekdal & Larsson's guide for vegetation mapping using the VK50 system (Rekdal & Larsson 2005) to + 0.5 (continental). The most important environmental variables explaining the variation on this axis (i.e. those with highest factor loadings) were snow cover and the Conrad Continentality Index (Conrad 1946) . The second axis in the model can be interpreted as the south-north gradient. This variable was called 'Zones' in our analysis and encoded on a continuous scale ranging from approximately −0.6 (alpine) to + 0.5 (nemoral). The most important factors that explain this gradient (highest factor loadings) are the average temperatures in June, July and August. The Sections gradient variable can be divided into five categories following Moen's classification (Moen 1998): (1) strongly oceanic, (2) clearly oceanic, (3) weakly oceanic, (4) transitional section, and (5) weakly continental. The Zones gradient variable can similarly be divided into five categories: (1) boreonemoral, (2) south boreal, (3) middle boreal, (4) north boreal, and (5) alpine (Moen 1998) .
The two environmental gradients -the oceaniccontinental gradient and the south-north gradient (respectively 'Sections' and 'Zones' in our study), are available as spatial data sets (in raster format, provided by the Norwegian Biodiversity Information Centre, Artsdatabanken). The continuous variables were used in the statistical analysis, while the simplified categories were used to support the interpretation and visualization of the results.
Statistical analyses
The environmental information for each SSU sample point was obtained by GIS overlay with the source data for the information. The environmental variables were calculated by taking the average value for the SSU points with similar subtypes inside each PSU. This was done in order to avoid implicit weighing of locations, due to the variable number of SSU points on each PSU combined with the possible effect of spatial autocorrelation between the SSUs.
One-way ANOVA with weighted means used to examine the differences between the subtypes of dwarf shrub heath with respect to the environmental gradients. A pairwise t-test of the difference in mean values, using the Bonferroni correction of the p-value, was computed for the subtypes identified as statistically significant by the ANOVA tests. Finally, a linear discriminant analysis (LDA) was carried out to identify the linear combination of the environmental gradients that best discriminate between the subtypes. LDA calculates the linear combination of the independent variables that leads to maximum group separation (McLachlan 2004) . In our case, the LDA calculated the linear combination of the environmental variables leading to maximum subtype separation. LDA is often used for modelling and prediction of group membership, but we used it to examine how well the combination of the environmental gradients could explain the differences between the subtypes. The largest coefficient (using absolute values) identifies the discriminant that contributes most to the separation of the subtypes (Morrison 1969) . We used the coefficients from the first linear discriminant for this purpose.
ANOVA as well as the LDA were first carried out using all nine vegetation subtypes in the material, in order to examine the cartographic class dwarf shrub heath. The same two tests were then repeated for the three subtypes of dwarf shrub heath vegetation alone, in order to examine their composition.
Box plots were used for descriptive statistics. A box plot allows visual comparison of the subtypes inside dwarf shrub heath with respect to environmental gradients. This was done by producing one box plot for each environmental gradient, with boxes representing the distribution of the environmental gradient for the individual vegetation subtypes.
Results
As members of the team responsible for implementing AR18X18, we had access to unpublished results that show dwarf shrub heath is the most common vegetation type in the low alpine region in Norway. It can also be found in open or deforested areas below the forest line. Based on the results we accessed from AR18X18, the estimated coverage of dwarf shrub heath is c.12% of the total Norwegian mainland and 24.7% of the mountain areas. Dwarf shrub heath is found in 15 of the 19 counties in Norway (Fig. 1). A mixture of nine different vegetation subtypes was found inside dwarf shrub heath polygons. Three of the subtypes were subtypes of dwarf shrub heath vegetation. These made up 69.3% of the observations at the SSU points. The six subtypes that represented other vegetation subtypes made up the remaining 30.7% of the observations. The most frequent subtype in dwarf shrub heath was Vaccinium myrtillus -Phyllodoce caerulea heath and Empetrum nigrum coll. heath (S3), found on 39.7% of the SSU points. The second and third most frequent subtype was Juniperus communis -Betula nana heath (S2) and Betula nana -Empetrum nigrum coll. subtype (R2), respectively found on 20.4% and 9.2% of the SSU points. The representation of the other subtypes inside dwarf shrub heath polygons is listed in Table 1 .
The results of the ANOVA test carried out first with all nine subtypes and subsequently with only the three subtypes R2, S2 and S3 are shown in the columns headed Table 2 . The difference between the subtypes was significant (p < 0.05) for the mean values of both environmental gradients in both cases (Table 2) .
LDA, was carried out with the gradient variables, first using all nine subtypes and thereafter using only the three subtypes defined as dwarf shrub heath. The scores of the gradients (shown in column LD1 in Table 2 ) indicate that the oceanic-continental gradient represented as Sections is the most important for separating the subtypes inside dwarf shrub heath.
The box plot of section values for the subtypes shows that S2 and R2 have mean values situated in the transitional section of the oceanic-continental gradient, and standard deviation reaching up to the weakly continental section (Figure 2a) . The boulder field and exposed bedrock and snowbed subtypes have mean values in the clearly oceanic section of this gradient, while the remaining subtypes have means in the weakly oceanic section. The pairwise t-test along this gradient shows a significant difference (p < 0.01) between S2 and R2 on one hand, and S3, special heath and meadow vegetation, snowbed and boulder field and exposed bedrock on the other hand (Appendix 2a). With respect to the zonal gradient, dwarf shrub heath is mainly found in the part of the gradient characterized as alpine and north boreal zones, as expected for a mountainous vegetation type. The mean zonal value of R2, S2 and R1 is in the alpine zone, while the other subtypes have a mean zonal value in the north boreal zone (Figure 2b ). S3 has a distribution reaching across all of the zones. The results of the pairwise t-test showed a significant difference between sites, with R2 and S2 and sites with the subtypes S3, special heath and meadow vegetation and forest (Appendix 2b).
Discussion
One objective of our study was to examine the variation in areas classified as dwarf shrub heath. The results revealed two different kinds of variation. The first kind is variation in terms of subtypes of the botanical vegetation type dwarf shrub heath. The second kind is variation in terms of other vegetation subtypes appearing inside the polygons classified as dwarf shrub heath on the map (see Fig. 1 ). The discussion will be organized accordingly. In the following, we first discuss the composition of the dwarf shrub heath in terms of subtypes of this vegetation type. Thereafter, we discuss the variation within the map units classified as dwarf shrub heath, including the variation caused by inclusion of other vegetation subtypes. Finally, we discuss how these findings can be used in the development of vegetation surveys and mapping systems.
Subtypes of dwarf shrub heath
The botanical vegetation type dwarf shrub heath is composed of three subtypes -R2, S2 and S3 (Fremstad 1997; Rekdal & Larsson 2005) -and the variation showed strongest coherence with the oceanic-continental gradient. This gradient is thought to be a key determinant for vegetation composition in Norway (Moen 1998; Bakkestuen et al. 2008) . One exception is alpine tundra vegetation in Northern Norway, where microclimatic conditions are the most important factor (Löffler & Pape 2008) . R2 and S2 were typically transitional and continental subtypes. S3 had a wide geographical distribution, but tended to favour oceanic locations. Along the zonal gradient, R2 and S2 were the most alpine subtypes, whereas S3 was found in more boreal locations. The combination of the two gradients showed R2 as slightly more continental and alpine than S2. R2 typically made up the more barren locations in the alpine zone within dwarf shrub heath.
The descriptions of the subtypes in the Fremstad classification system are expert assessments reflecting regional climatic variants (Fremstad 1997) . The findings from our study support the expert judgments reflected in the definition of the subtypes.
The inclusion of six additional, alien vegetation subtypes inside dwarf shrub heath polygons was an effect of the cartographic generalization involved in vegetation mapping, which we discuss in further detail below. This variation can also be interpreted in terms of landscape appearance. It shows the type landscape of which dwarf shrub heath forms a part. The subtype R1, as an example, is present in and around dwarf shrub heath in the alpine and north boreal areas. The subtype showed some coherence with R2 and S2, but was less distinctly divided from S3.
The remaining landscape subtypes -mire, forest, special heath and meadow vegetation, snowbed, and boulder field and exposed bedrock -showed stronger coherence with S3 than with R2 and S2. Mean values were located in the weakly or clearly oceanic areas and in the north boreal zone. In general, the oceanic regions showed a greater diversity of subtypes inside dwarf shrub heath. This was probably due to more fragmentation of the 'Sections' and 'Zones' along the coastal areas of Norway.
The subtypes special heath and meadow vegetation and mire, demonstrate the existence of patches influenced by small-scale topographic differences, microclimatic conditions, special soil conditions or culturally influenced areas (i.e. grazing land) in the typical dwarf shrub heath. These groups are composed of very different vegetation types. Mire showed a broad distribution regarding both Sections and Zones and was found from the oceanic to the continental regions, as well as from boreal to alpine sites. Special heath and meadow vegetation was more common in the oceanic areas, but with outliers in other regions.
The subtype snowbed inside dwarf shrub heath is mainly observed in the oceanic areas, especially in the north boreal and alpine oceanic regions, which are known to be the main regions for snowbeds in Norway (Fremstad 1997) . As expected, the subtype forest was most frequent in north and middle boreal areas. Boulder field and exposed bedrock are occasionally found inside dwarf shrub heath in the oceanic areas, particularly in the north boreal and alpine zone. Typical locations are exposed coastal areas and the transitional section between the low alpine and middle alpine areas, where the vegetation cover becomes more scattered.
The results of the analysis indicated that the gradients are influential with respect to the distribution of subtypes of dwarf shrub heath, but they do not provide sufficient information to enable separation of the majority of the subtypes based on the environmental gradients alone. We therefore hypothesize that local variation in terms of, for example, microclimate, topography and microscale geology, are also significant. However, the available data did not allow for further investigation of this assertion.
Map generalization of dwarf shrub heath
The variations recognized as intra-class variation and landscape variation can be interpreted and explained using elements from geographic information science (GIS). One such explanation is linked to the classification process. Classification is a conceptual simplification whereby rich and complex vegetation is characterized using a nomenclature consisting of a limited set of classes (Mucina 1997; Peet & Roberts 2012) . A second explanation is linked to the geometrical simplification known as map generalization, whereby fuzzy boundaries are drawn as simplified lines on a map (Painho 1995; Weibel & Dutton 1999) . The result of these two processes is a combination of conceptual and geometrical simplification that leads to unrecognized variation within the sampling classes.
An additional cartographic concept concerned with readability is relevant here. Even when it is possible to draw a crisp border between vegetation types, the border may be too complex for the map. It is therefore necessary to simplify the polygons when narrow vegetation corridors are present or the distribution of the vegetation types constitutes patterns that are too complex for map visualization (Shea & McMaster 1989) . It is also impossible to capture observations with small acreage (smallscale variation in nature), due to the chosen minimum mapping unit size (Stohlgren et al. 1997) .
Uncertainty in vegetation classification
In addition to classification and generalization, misclassification of vegetation types and spatial displacement of boundaries can affect the accuracy of a vegetation map (Cherrill & McClean 1995) . Large surveys such as AR18X18 are carried out by field crews.
Considerable effort is made to harmonize the crew members' perceptions of the vegetation types, but different understandings of the classification scheme can exist with respect to the fuzzy transitions between classes and for areas without a distinct plant composition.
Misclassification is a major concern when classifying vegetation (e.g. Cherrill & McClean 1999a; 1999b; Hearn et al. 2011) . Therefore, only highly experienced personnel were used as field crew in the initial phase of AR18X18. The vegetation types in the VK50 system can also be considered as relatively distinct (Rekdal & Larsson 2005) . The number of class identification errors concerning the interpretation of the SSU points, using the more detailed vegetation mapping system developed by Fremstad (1997) , is probably more frequent than identification errors linked to the VK50 classes, since the interpretation of the more detailed Fremstad classification system requires more botanical knowledge. The system also has a relatively large number of subtypes, many with similar species compositions, which makes misidentification more common. Further research is needed to identify the extent of identification errors linked to the use of the two mapping systems.
Location error of the PSUs is considered negligible because several sources (i.e. GPS, orthophotos and topographic maps) were used to secure the correct locations. However, location error of the SSUs could occur due to poor use or inaccuracy of the handheld GPS.
Further perspectives
Our study demonstrated the feasibility of combining a fairly simple and cost-effective point sampling survey with a broader wall-to-wall vegetation survey. Although demonstrated with data from a national sampling survey, the method is equally applicable in a complete wall-towall survey of any area where variation in the mapping classes is expected. Relevant examples could be a national park or an administrative area.
Wall-to-wall mapping surveys are expensive, and the expenses increase as the classification system becomes more detailed. From our professional experience, the cost per area unit for wall-to-wall mapping using the detailed Fremstad system is around five times as high as the cost of using the less detailed VK50 system. Furthermore, detailed classification systems are more demanding with respect to harmonization of the field crew (Strand 1996; Strand et al. 2002) . The hybrid approach using a simple but sufficient classification system for the wall-to-wall survey and strengthening the survey with a point sample of more detailed observations is a feasible compromise. In this article, we have demonstrated that this combination is workable, such that the point survey can significantly increase the knowledge available from a wall-to-wall survey and also provide useful summaries of the errors involved.
An example of when the combined approach could be used is the new classification system recently introduced for use in the environmental sector in Norway: Natur i Norge (NiN) (Halvorsen 2011; Halvorsen et al. 2015) . NiN is a hierarchical system with several levels of detail. It is currently used for wall-to-wall mapping of small protected areas. A cost-efficient use for large areas (e.g. national parks) could involve a less detailed level of the system for wall-to-wall mapping and a more detailed level for an accompanying point survey in the study area. However, it is important that the point sampling is carried out as a survey with known statistical properties and valid randomization.
In our study, we set out to examine the areas mapped as dwarf shrub heath in the national survey of land cover and outfield land resources. The population was thus defined as areas assigned to this particular vegetation class and enabled us to document two kinds of variation: the intra-class variation of the vegetation class, and the landscape variation attributed to cartographic generalization. A different useful approach would be to examine all of the sample points from the survey, including those located in map units classified as vegetation types other than dwarf shrub heath. Such an approach could provide information about the possible statistical bias in the area estimate based on the wall-to-wall survey. More importantly, the approach describes the composition of the entire population (as opposed to the individual mapping classes) with respect to the detailed classes. The difference between the two methods is that, in our study, the selection of the sample points used described the variation among the mapping units classified as dwarf shrub heath. Using all sample points throughout the entire region that has been mapped would provide a more complete description of the composition of the vegetation.
The sampling strategy adopted for AR18X18 was a constraint in our study. Only 10 SSU points were available inside each PSU. An even more limited number of SSU points was available when just one of the VK50 vegetation types was examined. Nevertheless, our approach still turned out to be an applicable and cost-effective way of giving a more detailed description of dwarf shrub heath in Norway. Moreover, combining the data with environmental gradients known to influence the vegetation distribution contributed to a better understanding of the vegetation type. However, having a dataset with a much larger number of SSU points inside the PSU and possibly classified according to a more detailed nomenclature than Fremstad (1997) , would have provided better options for analysing the distribution of dwarf shrub heath, or other vegetation types. A methodological study could be conducted to identify the optimal approach to survey data collection and examination of intra-class variation in vegetation types using real world data. Different sample sizes and sampling strategies should be tested, taking into account spatial autocorrelation, in order to provide a basis for analysis of how the description of, for example, dwarf shrub heath, varies with the different designs. More SSU points inside each vegetation type would have allowed for a more complex analysis of the dataset with respect to how the vegetation types correlated with the environmental variables. An approach could be to perform a mixed multinomial modelling procedure, or to analyse such a dataset by performing a canonical correlation analysis (ter Braak & Smilauer 2002) , provided that the number of sample points inside each PSU is large enough to characterize the amount of each class as a continuous variable.
Conclusions
Dwarf shrub heath in Norway is a broad vegetation type composed of a number of subtypes. Our study has shown that the variation in dwarf shrub heath is linked to environmental gradients. It was possible to use existing area frame survey data when examining intra-class variation in this vegetation types. The method was costeffective and gave a good description of the vegetation type, but with some limitations. The study revealed two different dimensions of variation. The first dimension was the expected intra-class variation in terms of a regional variation in dwarf shrub heath subtypes. The second dimension was the inclusion of other vegetation subtypes inside dwarf shrub heath polygons, showing how dwarf shrub heath is intermixed with several vegetation types within the landscape. The latter dimension was linked to the classification system and the map generalization process. Both kinds of variation were associated with explanatory environmental gradients, and the oceanic-continental gradient was seen as the most important factor in the distribution of the defined subtypes. shading; R1: Loiseleuria procumbens -lichen/bryophyte subtype; R2: Betula nana -Empetrum nigrum coll. subtype; S2: Juniperus communis -Betula nana heath; S3: Vaccinium myrtillus -Phyllodoce caerulea heath and Empetrum nigrum coll. heath. 
